DR Y A 0

US00545294°7A
United States Patent 9 117 Patent Number: 5,452,947
Ehmer et al. (451 Date of Patent: Sep. 26, 1995
[54] CIRCUIT CONFIGURATION FOR 5,043,898  8/1991 YOShINO .uvvecerreeereveineiseens 303/95 X
REGULATING THE BRAKE PRESSURE
BUILD-UP FOR A BRAKE SYSTEM FOREIGN PATENT DOCUMENTS
COMPRISING AN ANTI-LOCKING 0261783 3/1988 FEuropean Pat. Off. .
CONTROL 0329071 8/1989 European Pat. Off. .
2430874  2/1980 France .
[75] Inventors: Norbert Ehmer, Bad Orb; Thomas 3840564 3/1990 Germany .
Striegel, Liederbach, both of Germany 3838536 5/1990 Germany .
3903180 8/1990 Germany .
[73] Assignee: IIT Automeotive Europe GmbH, 91/05687  5/1991 WIPO .
Frankfurt, Germany , . .
Primary Examiner—Robert J. Oberleitner
[21] Appl. No.: 142,314 Assistant Examiner—Peter M. Poon
2] PCT Filed: Feb. 14, 1992 Attorney, Agent, or Firm—Ratner & Prestia
(86] PCT No.: PCT/EP92/00319 [57] ABSTRACT
§ 371 Date: Nov. 17, 1993 A circutt configuration for a brake system comprising an
anti-locking control 1s furnished with circuits which: (1) at
§ 102(e) Date: Nov. 17, 1993 a low friction coefficient on either vehicle side, individually
(87] PCT Pub. No.. WO092/20555 conirol the brake pressure on the rear wheel brakes upon
T commencement of a control process, (2) after the first
PCT Pub. Date: Nov. 26, 1992 entrance Oof a rear wheel into a stabie phase switch to
. . e . e “select-low”, and (3) in the select-low control phased if
[SU] Foreign Application Priority Data during a predetermined period of time no instability occurs
May 18, 1991 [DE] Germany ........oeeooeeeme. 41 16 373.7 on the non-selected rear wheel, increase the brake pressure
‘ | on the non-selected wheel in the next pressure build-up
(51] Imt. C1.° ........... rreesseeserresasessanessenesanensesssassnne B60T 8/32 phase by a fixed or variable amount. According to a first
[52] U:S. Cl e 303/150; 303/170; 364/426.02 embodiment, the brake pressure is delivered prematurely
[58] Field of Search ..........ueeveeeveeereeeneeeinnne 303/ 103, 111, into a wheel brake of the rear wheel 1f the wheel Speed falls
303/100, 106, 95, 96; 364/426.02, 426.03;  below a slip threshold if, at the same time, the factual
180/197 reacceleration is above a threshold value and if another
_ value derived from the maximum valtue of the filtered wheel
[56] References Cited acceleration is exceeded.
U.S. PATENT DOCUMENTS
5,029,949  7/1991 Buschmann et al. .....cccoveveenne. 303/96 27 Claims, 3 Drawing Sheets
1.5tab How
—~—— T
)

—
-i |
1| { o ! [
Y 4 A | I
NE LI N
: l 1 : + : |
— . - E :
oty oty fg b —=!
1 ? 2l
51 ?1 _t ' -
20! b u N r
33 O _.__.l__'_.T______.. S
! /-2
r"‘v q""“"""‘"l&ﬁ - o = .H
mLMER I i% (ind Req, - 17 | —p—=1 }n d
R il hifﬁ A AL _{_'Sa‘elactjnw] \-18 iR .
t f f—-’fj‘:J | 174 i
T T T T . :
] Smaren - —
(B 7 R i [
L 14 n/ ——
| Le—Rip N ;
(i ; R out 157
LT
10 r I f]S
i | | ,
A — LLut
NEAL 20
—4-—3 i
o f L . T
up down | REsET CHi Lout = Lip + VAR CHT




U.S. Patent Sep. 26, 1995 Sheet 1 of 3 5,452,947

Fig. 1

Y
L

. Ve _ ' '
S —

| ——1
T _ P1 P7
Pl
PRIOR ART
Fig.2
l 1.Stab Mlow

] M TER T R e e L vy o sk S ek,

grifpea
wmnadh
r-*-l
M~ o
)
A
o
Lo
e
o
ey
-
S
..L



U.S. Patent Sep. 26, 1995 Sheet 2 of 3 5,452,947

'h—-ﬁ-
-—..__-
T




5,452,947

Sheet 3 of 3

Sep. 26, 1995

U.S. Patent

INJ + VA + 17 = HET

77014

135344




5,452,947

1

CIRCUIT CONFIGURATION FOR
REGULATING THE BRAKE PRESSURE
BUILD-UP FOR A BRAKE SYSTEM
COMPRISING AN ANTI-LOCKING
CONTROL

BACKGROUND OF THE INVENTION

The present invention relates to a circuit configuration for
a brake system of automotive vehicles comprising an anti-
locking control and serving for regulating the brake pressure
build-up on the rear wheels during a controlled braking
operation, with the aid of which, through a logical operation
of signals mirroring the rotating pattern of the individual
wheels and/or the driving pattern of the automotive vehicle,
the coefhcient of friction is permanently determined and the
brake pressure on the rear wheels in “normal operation” is
regulated according to the select-low control principle.

The accuracy of the control of the brake pressure in

response to the rotating pattern of the wheels and the driving
pattern of the automotive vehicle during a controlled braking
operation will determine the quality and efficiency of an
anti-locking system. The time and the amount of the brake
pressure delivery are to be so selected as to reliably insure,
that, on the one hand, the driving stability and the steering
ability of the automotive vehicle at no time are affected
which, in the first place, is attainable by a reduction in the
brake pressure while, on the other hand, a short stopping
distance is achieved. A high skill on the part of the developer
1s required to satisfy these actually contradictory require-
menis.

DE-3903180 A1l discloses a circuit configuration accord-
ing to which the pressure build-up in the individual cycles,
duning a control, is dependent on the pressure build-up in the
preceding cycle, with a distinction being made between a
build-up of a steep gradient and a build-up of a flat gradient,
and on the duration of the preceding pressure decrease.

The brake pressure on the front wheels, generally, is
controlled individually. With respect to the control of the
brake pressure on the rear wheels, in the majority of cases,
the select-low control principle, generally, is the one which
1s preferred. According to that method, an identical brake
pressure prevails in the rear wheel brakes, the amount and
pattern of which is directed by the “low-wheel” while on the
“high-wheel” in a control of that type, the brake pressure, in

a large number of cases, 18 lower than theoretically possible

which, necessarily, results in a more or less significant
extension of the stopping distance. However, the wheel
braked at an excessively low rate, (i.e. the high-wheel),
substantially contributes to the driving stability.

In the event of a homogencous friction coefficient, (i.e.
with a friction coefficient identical on the right-hand and
left-hand sides of the vehicle), and at an approximately
identical brake characteristic or an identical dependence of
the brake effect of the two rear wheels on the brake pressure,
substantially no extension of the stopping distance will
occur due to the select-low control. With disc brakes, the
characteristics are adequately identical and linear but not
necessarily so with drum brakes. In automotive vehicles
with a different locking pressure level on the rear axle, which
1s due, for example, to the use of drum brakes of different
contact pressures, to different friction coefficients of the
brake pads (which will, of course, also apply to disc brakes),
etc., which, virtually, will result, with an identical brake
pressure, in different wheel brake torques, a select-low
control will permit the theoretically possible brake effect or
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brake force utilization on one wheel only. The other wheel
will not contribute nearly enough to the braking effect. This
1s especially disadvantageous and no longer acceptable in
situations where the brake force share of the rear wheels,
compared to the individually controlled front wheels, is or
could be high; this especiaily applies to roads having a low
friction coefficient.

According to DE 3815732 Al, in general, in an automo-
tive vehicle having a select-low control on the rear axle, the
rotating patterns of the rear wheels are compared during the
control and, after criteria have been recognized that are
typical for a continual brake torque difference on the rear

wheels, a brake pressure adjustment is performed and,
hence, an adjustment of the brake torque.

SUMMARY OF THE INVENTION

It is, therefore, an objective of the present invention to
provide a circuit configuration for overcoming the disad-
vantages of the prior art described above, which also, when
using rear wheel brakes having very different characteristics,
such as drum brakes, or under different friction coefficients
and similar situations, permits use of the select-low control
principle which is advantageous for the driving stability and
which, at the same time, largely exhausts the theoretically
possible contribution ot the rear wheels to the brake effect.

It has been found that this objective can be achieved by a
circuit configuration of the afore-mentioned type having the
special feature that, at a low friction coelficient, (i.e. at a
coefficient lower than a threshold value), which is approxi-
mately 1dentical on the right-hand and left-hand sides of the
automotive vehicle, the brake pressures on the rear wheel
brakes, upon commencement of a control process, are indi-
vidually controlled, and that, after the first entrance of a rear
wheel into a stable phase, there is a switch to the select-low
control which, in the select-low control phase, if no insta-
bility occurs on the high-wheel, (i.e. on the non-selected rear
wheel), during a predetermined period of time, will increase
the brake pressure on this wheel by a fixed or variable value.
Advantageously, the coeflicient of friction is deemed to be
low or 1s interpreted by the circuit logic as being low, once
it 1s under a predetermined threshold value of between 0.2
and 0.35, preferably under 0.25.

According to an advantageous embodiment of the circuit
configuration of the present invention, in the reacceleration
phase of a rear wheel, the brake pressure build-up is initiated
if the wheel speed falls below a predetermined slip threshold
if, at the same time, the factual reacceleration is above a
threshold value and if another threshold, derived from the
maximum value of the filtered wheel acceleration, is
exceeded. Due to the dependence on the filtered threshold
value, mistaken reactions to defects, such as road uneven-
ness, axle vibrations and the like, are eliminated.

In some cases, it 1s advantageous to the control if the
threshold value, derived from the maximum value of the
filtered wheel acceleration, 1s variable in response to the
vehicle speed. With an increasing vehicle speed, the influ-
ence of the filtered wheel acceleration is reduced continu-
ously or by increments to the deviation from the pure
select-low control.

According to another embodiment of the present inven-
tion, the circuit configuration is so designed that the brake
pressure delivery or the number and duration of pulses that
determine the brake pressure build-up, is calculated from the
brake pressure build-up and the brake pressure decrease in
the preceding cycle, from the friction coefficient and from




5,452,947

3

other quantities and data, and that the brake pressure deliv-
cred in the reacceleration phase represents a premature share
of the calculated brake pressure. This 1s feasible if the brake
pressure build-up is dimensioned or fixed by fixing the
number and duration of pressure build-up pulses and if the
premature brake pressure delivery is compensated by sup-
pressing one or more pulses in the calculated pulse raster.

Moreover, according to another embodiment of the
present invention, the premature brake pressure delivery is
dimensioned in response to a predetermined nominal control
frequency. An increase in the premature share of the brake
pressure delivery, in this respect, will result in the locking
threshold of the wheel being reached more rapidly, thus
resulting in an increased control frequency. The circuit
configuration according to the present invention, for that
purpose, may be provided with a counter, the contents of
which are evaluatable for determining the control frequency.
The counter determines the number and/or the duration of
the pressure build-up puises, with the amount of the prema-
ture brake pressure delivery being varied in response to the
pressure build-up pulses determined in the preceding cycle
by the counter. |

The circuit configuration of the present invention insures
an approximately synchronous rotating pattern of the two
rear wheels. The two rear wheels, alternately, are guided to
the locking threshold and an optimally delivered brake
pressure is applied to the wheels in accordance with the
control frequency. At low friction coefficients, the contribu-
tion of the rear wheels to the deceleration 1s substantially
increased compared to conventional select-iow controls.
While this applies to disc brakes, it applies, in particular, to
drurn brakes. The brake torque failures typical with drum
brakes, during an anti-locking control, are decisively
reduced. In particular, a substantial reduction in the stopping
distance is attained at low friction coeflicients.

Further features, advantages and fields of end-use appli-
cation of the present invention will become apparent from
the following description of additional details with reference
to the drawings which illustrate one embodiment of the
present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows curves of the speed pattern of the two rear
wheels, as well as the brake pressure pattern, in a pure
select-low control;

FIG. 2 is similar to FIG. 1, but with control due to the
circuit configuration according to the present invention;

FIG. 3 shows curves of the wheel speed and the pressure
in the associated wheel brake at a premature brake pressure
delivery according to one embodiment of the present inven-
tion, and

FIG. 4 1s a block diagram showing, in simplified form, the
major components of a circuit configuration according to the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows a situation where a rear wheel which, in the
present instance, 1s the rear wheel of the speed v, in a
plurality of succeeding cycles, 18 at its stability threshold,
- while the second rear wheel of speed v, runs permanently
stable and, consequently, will be braked at an excessively
~ low rate. This 1s a pure select-low control in which the same
brake pressure p,, p, is applied to both rear wheels in
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response to the rotating pattern of the low-wheel. At a low
friction coefficient, this could result in a substantial exten-
sion of the theoretically possible stopping distance because
the second rear wheel of speed v, does not sufficiently

contribute to the deceleration of the automotive vehicle. v,
is the speed or the reference speed of the automotive vehicle.

When using the circuit configuration according to the
present invention, in a like situation as the one represented
by FIG. 1, highest possible brake pressure is applied to both
rear wheels resulting in the wheel pattern vp,, V4, and a
brake pressure pattern p,, p, as shown in FIG. 2. The curves
apply to a controlled braking operation at a low friction
coefficient and homogenous conditions, (i.e. approximately
identical friction coefficients on the right-hand side and on
the left-hand side of the automotive vehicle. It is only under
such conditions that, in deviation from a pure select-low
control, upon commencement of a control operation, the
brake pressure in both rear wheel brakes 1s individually
controlled. In the present instance, the control will com-
mence at the time t; on the rear wheel of speed vg,. The
brake pressure build-up p, is continued at time t, at which
the second rear wheel also will become unstable. The
individual control for both rear wheels will apply only until
one of the two rear wheels enters into a stable control phase.
In the example according to FIG. 2, this will be at time t,
when the wheel of the speed v, becomes stable. Thereafter,
the select-low principle of control will apply to the end of
the control operation which, normally, is composed of a
plurality of control cycles. In the example as shown, at the
time t,, the rear wheel of the speed vg,, will be the leading
wheel, the rotating pattern of which determines the brake
pressure. Approximately at time ts, the lead will pass to the
rear wheel of speed vp..

Another important feature of the control according to the
present invention is that, after the first entrance of a rear
wheel into the stable phase, (i.e. at the time t;), the non-
selected wheel, which, after time t;, 1s the rear wheel of v,
1s monitored to determine whether, within a predetermined
period of time T of, for example, 100 to 140 ms, it again
becomes unstable. If this does not occur, in the practice of
the present invention, the brake pressure delivery, on that
wheel, in the next pressure build-up phase as released by the
selected wheel, compared to the brake pressure p, of the
leading wheel, 1s increased by a predetermined fixed or
variable amount. In FIG. 2, region A, in which the increase
in the brake pressure occurs, 1s highlighted. For example, the
pressure build-up pulse on wheel v, released at time t,, 1s
extended or the number of pulses 1s increased. Due to this
additional pressure delivery at time t., the delay threshold is,
1n fact, reached again and the pressure, released by the wheel
now leading, 1s decreased. The operations described will be
repeated. After the pressure delivery commencing at time t,
at which the rear wheel v, is leading, the predetermined
period of time T, again, will lapse without the non-selected
wheel becoming unstable, resulting in an increased pressure
control B commencing at time t-.

FIG. 3 serves to explain an embodiment of the present
invention wherein, in addition to the measures as described,
the pressure delivery to the rear wheel brakes is “premature”
in terms of time, if predetermined conditions have been
satisfled. This, too, will serve to enhance the brake effect of
the rear wheel brakes and to permit the highest possible
utilization thereof, without atfecting the driving stability.

FIG. 3, again, shows the speed pattern v, of a rear wheel
and the speed or the reference speed v, of the automobile.
In the situation as shown, a control cycle will commence at
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time t;,. Approximately at time t,,, the wheel falls below a
slip threshold and again enters into a stable phase. At the
time t,,, the wheel again reaches the speed of the automo-

bile. t,, is the time when pressure is usually delivered anew
or when the available brake pressure is increased to decel-
erate the automobile which, in part, is affected by this wheel.
The pressure build-up 1s, as shown by pressure curve py in
FIG. 3, first with a steep pressure rise or pressure increase
gradient, followed by a pressure build-up gradient which, in
average, is flat. This pressure build-up, conventionally, is
reached first by a slightly extended pressure build-up pulse
which 1s released at the time t,, and which 1s followed by a
plurality ot very short pressure build-up pulses at times t, 5,
t,4, {15 with relatively extended pulse breaks. This conven-
tional pressure build-up, commencing at time t,,, is shown
by broken lines in FIG. 3 because, in the practice of the
present invention, through a “premature” pressure build-up
pulse, the pressure pattern, as shown by a solid line, is
adjusted. Reference i1s made to a “premature” pressure
build-up pulse because the renewed pressure build-up com-
mences prior to re-entrance of the controlled wheel into the
stable condition, (i.e. prior to time t,,). The release of a
premature pressure build-up pulse requires that, at the criti-
cal time, which, in the present instance is time {,,, the rear
wheel, the speed v, of which is illustrated, has fallen below
a ship threshold and, consequently, has re-approached the
speed v, of the automobile, or a reference speed. Moreover,
a predetermined threshold of the reacceleration 1s required to
have been exceeded at the time ,,. Finally, the release of the
premature pulse, in addition, depends on another threshold
value being exceeded which is derived from the maximum
value of the filtered wheel acceleration. Due to that measure,
signals generated by road defects are distinguished fro
factual control signails. The threshold value, in the present
embodiment of the invention, is dependent on the speed of
the automotive vehicle. At a low speed, the threshold value

is relatively high, decreasing at an increasing speed of the
automotive vehicle,

The amount of the premature pressure delivery is depen-
dent on the pressure build-up in the preceding cycle as will
be understood from the following description of one
embodiment of the circuit configuration taken with reference
to FIG. 4. For example, the pressure build-up pulses are
determined by a counter, and in the subsequent cycle, the
premature pressure delivery is varied in response to the
counter contents. It a relatively large number of pressure
build-up pulses were required before reaching the stability
limuat, in the subsequent cycle, the premature pressure deliv-
ery will be increased for better utilization of the braking
capability of the wheel. Conversely, in the event of some

minor counter contents, no brake pressure or only a low

amount of brake pressure 1s prematurely delivered.

Moreover, 1t 1s understood from FIG. 3 that, for compen-
sating the premature pressure delivery, one pulse (or several
pulses) of the pressure build-up raster, following the region
of the steep pressure buildup, will be suppressed. In FIG. 3,
the pressure rise at the time t,, is eliminated compared to the
original build-up raster shown by broken lines.

The premature pressure delivery in response to the
counter contents and, optionally, additional quantities, for an
optimum adjustment of the control frequency applies to both
rear wheels. The increase in the pressure delivery to the
wheel brake of the high-wheel, as described with reference
to FIG. 2, if after lapse of the predetermined period of time
T the high-wheel still runs stable, can, of course, be incor-
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porated into the calculation of the premature pressure build-
up pulse.

The circuit configuration according to the present inven-
tion, as shown in FIG. 4, includes, above the dash-dotted
line, the components of a previously used control circuit.
The components shown below the dash-dotted line substan-
tially provide the modification of the pressure build-up
control according to the present invention.

The circuit configuration as shown in FIG. 4 includes a
circuit 1 for processing the signals supplied by individual
wheel sensors S1 to S4 and representing the rotating pattern
of the individual wheels. The output signals of the process-
ing circuit 1 are supplied to a logic circuit 3 which generates,
from the sensor signals and from a reference speed signal
Verr Which 18 representative of the speed of the automotive
vehicle and generated from the sensor signals in a circuit 2,
the actual valve actuating signals or a pre-stage of such
signals. The brake pressure in the individual wheel brakes is
then controlied by such valves in a manner that no locking
occurs and a deceleration of the vehicle with a stopping.
distanced as short as possible, is attained.

According to FIG. 4, an output Al of the logic circuit 3,
through a multiple conduit 4, 1s in communication with a
valve control circuit or a “valve actuator’ 5 for the front
wheels which directly actuates the hydraulic valves 6 for the
modulation of the brake pressure on the front wheels.
Connected to the corresponding output A5 of the logic
circuit 3 and supplying the signals for modulating the brake
pressure in the rear wheel brakes, are signal conduits 7, 8 for
the pressure decrease control and signal conduits 9, 10 for
the pressure butld-up control, with 8, 9 being associated with
the right-hand rear wheel and 7, 10 with the left-hand rear
wheel. The pressure decrease conduits 7, 8 lead to a valve
actuating circuit 12 for the rear wheels via a multiplex or

selector switch 11. The output signals of valve actuating
circuit 12 control brake valves 13 of the rear axle.

The pressure build-up control paths 9, 18, through adders
(and subtractors) 14, 15 are in communication with a mul-
tiplex or selector switch 16, the outputs of which lead to the
valve actuator circuit 12 for the rear wheels. The multiplex
switches 11, 16 permit either an individual excitation of the
rear wheel valves or a synchronous brake pressure control in
response to the momentarily leading right-hand or left-hand
wheel in the select-low operation. Accordingly, provided for
the control of the multiplex switches 11, 16 and the set-up
of the switch paths are the outputs A2, A3, A4 of the logic
circutt 3 and the connecting conduits 17, 18, 19, through
which the logic circuit 3 reports to the multiplex switches 11,
16 whether “select-low’ operation (via conduit 17) or “indi-
vidual control” (via conduit 18) is performed, and whether,
upon commencement of a control, a first entrance of a rear
wheel 1nto a stable phase (via conduit 19) has been detected.

A counter 20, through another multiple output A7 of the
logic circuit 3, 1s reset (PRESET), upset (UP) or downset
(DOWN) to detect the number and, optionally, also the
duration of the pressure build-up pulses for the accurate and
sensitive dimensioning of the premature pressure delivery in
the subsequent cycle. However, the pressure build-up pulses
on the rear axle will be detected by counter 20 only if a low
friction coefficient, for example, a friction coefficient under
n=0.25, has been determined and reported to counter 20
through output A6. The reset signal (PRESET) is released,
for example, upon commencement of a control. If the
control frequency is below a predetermined-optimum value,
the counter 1s set up (UP), whereas it is set down (DOWN),
if the control frequency is higher than the optimum value.
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The 1nitial value CNT of the counters representing the
counter contents, is reported to the two adders 14, 15.
Moreover, these adders are informed, through a connection

(VAR), of the duration of the stable phase of the guided rear
wheel (high-wheel) determined in the logic circuit 3. With
the aid of the adders 14, 15, the pressure delivery to the
wheel brake of the high-wheel is increased, in the manner
described in connection with FIG. 2, once the stable phase
of this wheel exceeds the predetermined duration T. The
adder 14 fulfills this function for the right-hand rear wheel,
while the adder 15 fulfills this function for the left-hand rear
wheel. The sum formed in the individual adders 14, 15, that
is analyzed through the multiplex switch 16 for the control
of the pressure build-up on the rear wheels, hence, is

composed of the input value supplied by the logic circuit 3,
a VAR-share and the contents of the counter 20.

The excitation of the valves 6, 13, moreover, is reported
to the logic circuit 3 through a multiple conduit 21.

Another input A8 to the logic circuit 3, to which a signal
conduit 22 (shown in broken lines) leads, serves for the
connection of additional sensors or signals, such as an
automobile acceleration sensor.

The operation of the circuit configuration of FIG. 4 has
already been described with reference to FIG. 2 and FIG. 3.
In lieu of the circuit as shown, the processes as described can
also be performed by a program-controlled circuit, such as
a microcomputer.

We claim:

1. A circuit configuration for a brake system of an
automotive vehicle, comprising an electronic anti-locking
control for the regulation of the brake pressure build-up on
the rear wheels during a controlled braking operation, by
means of which, through the logical operation of signals
mirroring at least one of the rotating pattern of the individual
vehicle wheels and the driving pattern of the automobile, a
friction coefficient is permanently determined and the brake
pressure on the rear wheels, in “normal operation” is con-
trolled according to the select-low control principle, char-
acterized in that circuits are provided which, at a low friction
coefficient which is lower than a threshold and which is
approximately identical on the right-hand and left-hand
sides of the automobile, individually control the brake
pressure on the rear wheel brakes upon commencement of a
control operation, which, after the first entrance of a rear
wheel into a stable phase switch to the select-low control and
which, in the select-low control phase, if no instability
occurs on the high-wheel during a predetermined spell of
time, increase the brake pressure on the said wheel by a fixed
or variable amount.

2. A circuit configuration according to claim 1, charac-
terized 1n that a friction value or friction coefficient below a
predetermined threshold which is between 0.2 and 0.35 is
considered low.

3. A circuit configuration according to claim 2, charac-
terized in that, if no instability occurs on the high-wheel, the
predetermined period of time after which the brake pressure
1S increased is between 80 and 200 ms.

4. A circuit configuration according to claim 2, charac-
tenized 1n that the friction value or friction coefficient below
said predetermined threshold which is under 0.25 is consid-
ered low.

5. A circuit configuration according to claim 3, charac-
terized in that, in the reacceleration phase of one of said rear
wheels, a brake pressure build-up is initiated if the wheel
speed falls below a slip threshold if, at the same time, the
actual reacceleration is above a threshold value and if
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another threshold value derived from the maximum value of
the filtered wheel acceleration 1s exceeded.

6. A circuit configuration according to claim 3, charac-
terized in that, if no 1nstability occurs on the high-wheel, the
predetermined period of time after which the brake pressure
1S increased 18 between 100 and 150 ms.

7. A circuit configuration according to claim 5, charac-
terized in that the threshold value derived from the maxi-
mum value of the filtered wheel acceleration, in response to
the vehicle speed 1s variable.

8. A circuit configuration according to claim 7, charac-
terized 1in that the brake pressure delivery and the number

and duration of pulses, respectively, that determine the brake
pressure build-up are calculated from the brake pressure rise
and the brake pressure decrease in the preceding cycle, from
the friction coefficient and from other measured guantities
and data, and that the brake pressure delivered into the
reacceleration phase represents a premature share of the said
calculated brake pressure.

9. A circuit configuration according to claim 8, charac-
terized 1n that the brake pressure butld-up i1s dimensioned by
fixing the number and duration of pressure build-up pulses,
and that the premature brake pressure delivery is compen-
sated by suppressing one or more pulses the calculated pulse
raster.

10. A circuit configuration according to claim 9, charac-
terized in that the premature brake pressure delivery is
dimensioned in response to a predetermined nominal control
frequency.

11. A circuit configuration according to claim 10, char-
acterized 1n that a counter 1s provided the contents of which
are evaluable for determining the control frequency.

12. A circuit configuration according to claim 11, char-
acterized in that the counter detects at least one of the
number and the duration of brake pressure build-up pulses,
and that the amount of the premature brake pressure delivery
1s dimensioned in response to the brake pressure build-up
pulses detected in the preceding cycle by counter.

13. A circuit configuration according to claim 1, charac-
terized 1n that the high wheel is the non-selected rear wheel.

14. A circuit configuration for a brake system of an
automotive vehicle having front wheels and rear wheels,
said circuit configuration comprising:

sensing means for developing first signals representative

of the rotating pattem of the individual wheels of the
automotive vehicle and second signals representative
of the driving pattern of the automotive vehicle;

and control means for:

(a) setting a friction coefiicient threshold,

(b) determining, from said first signals and said second
signals, actual friction coefficients,

(¢c) controlling the brake pressures on wheel brakes
associated with the rear wheels of the automotive
vehicle during normal operation of the wheel brakes
according to the rotating pattern of that wheel having
the lower friction coefhicent, and

(d) individually controlling the brake pressures on the
wheel brakes associated with the rear wheels of the
automotive vehicle upon commencement of a con-
trol operation at: (1) an actual friction coefficient
lower than said friction coefficient threshold, and (i1)
approximately identical friction coefficients on the
right-hand and left-hand sides of the automotive
vehicle by:

(1) switching to control according to the rotating
pattern of that wheel having the lower friction
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coefficent after a first entrance of one of the rear
wheels of the automotive vehicle into a stable
phase, and

(2) increasing, during control according to the rotat-
ing pattern of that wheel having the lower friction
cocfiicent, the brake pressure on the wheel brake
associated with the other rear wheel if no insta-
bility occurs on the other rear wheel during a
predetermined period of time.,

15. A circuit configuration according to claim 14 wherein
the increase in the brake pressure on the wheel brake
associated with that wheel having the lower friction coefii-
cent 1s a fixed amount.

16. A circuit configuration according to claim 14 wherein
the increase in the brake pressure on the wheel brake
associated with that wheel having the lower friction coeffi-
cent i1s a variable amount.

17. A circuit configuration according to claim 14 wherein
said friction coefficient threshoid is between 0.2 and 0.35.

18. A circuit configuration according to claim 17 wherein
said friction coeflicient threshold is 0.25.

19. A circuit configuration according to claim 14 wherein,
if no instability occurs on the other rear wheel, said prede-
termined period of time after which the brake pressure is
increased is between 80 and 200 ms.

20. A circuit configuration according to claim 19 wherein,
if no instability occurs on the other rear wheel, said prede-
termined period of time after which the brake pressure 1s
increased 1s between 100 and 150 ms.

21. A circuit configuration according to claim 14 wherein
said control means also:

(a) set a slip threshold,
(b) set a reacceleration threshold,

(c¢) set a threshold derived from the maximum value of the
filtered wheel accelerations and

(d) initiate pressure build-up in the wheel brakes associ-
- ated with the rear wheels of the automotive vehicle
during reacceleration of a rear wheel if:
(1) the wheel speed of the rear wheel falls below said
slip threshold,
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(2) the actual reacceleration 1s above said reaccelera-
tion threshold, and

(3) said threshold derived from the maximum value of
the filtered wheel acceleration is exceeded.

22. A circuit configuration according to claim 21 wherein
said threshold derived from the maximum value of the
filtered wheel acceleration, in response to the vehicle speed,
18 variable.

23. A circuit configuration according to claim 22 wherein:

(a) said brake pressure build-up i1s dependent upon brake
pressure delivery and the number and duration of brake
pressure puises which are determined from at least: (1)
the brake pressure rise and the brake pressure decrease
in the preceding cycled and (ii) the friction coefficient,
and

(b) brake pressure delivered during reacceleration phase
represents a premature share of the said determined
brake pressure.

24. A circuit configuration according to claim 23 wherein

the prematurc brake pressure delivery is dimensioned in
response to a predetermined nominal control irequency.

23. A circuit configuration according {0 claim 24 wherein
said control means include a counter, the contents of which
determine said conirol frequency.

26. A circuit configuration according to claim 25 wherein
said counter detects at least one of:

(a) the number of brake pressure build-up pulses, and
(b) the duration of brake pressure build-up pulses,

and the amount of the premature brake pressure delivery

1s dimensioned in response to the brake pressure build-

up pulses detected in the preceding cycle by counter.

27. A circuit configuration according to claim 22 wherein
said brake pressure build-up is dimensioned by fixing the
number and duration of pressure build-up pulses, and the
premature brake pressure delivery 1s compensated by sup-
pressing one or more pulses in the calculated pulse raster.
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